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THEORETICAL AND EXPERil"'JoNTAL INVt:STIGATION OF _A DYNAMIC
MODEL FOR SMALL REFRIGERATING SYSTEMS
M. J. P. Janssen
L. J. M. Kuijper s
J. A. de Wit'
PHILIPS Researc h Labs
Eindhov en (NL)
Abstrac t
In recent years many models for a simulat ion of the
transie nts
in a refrige ration cycle have been presente d; most of
them were
aimed at an efficien cy optimiz ation and concern heat
pump
applica tions. These models assume either a three zone
division in
the heat exchang ers and/or thermod ynamic equilibr ium
in the two
phase parts.
A differe nt dynamic model has been designed for simulat
ing a
small refrige rating cycle as e.g. applied in domesti
c
multipl e node model is used here for the descrip tion equipme nt. A
of the heat
exchang ers. This multipl e node charact er is necessa
ry for an
accurat e calcula tion of superhe ated and subcool ed areas.
In the
model a mean void fraction approach is used in order
to be able to
describ e the distribu tion of liquid and vapour in the
two phase
areas. This distribu tion is of influenc e in the calcula
tion of the
consequ ences of a certain fixert refrige rant charge applied
.
Various assumpt ions for the basis for calcula tions
coeffic ients which take into account heat transfe r and using
process es on the "outside " of the cycle; these coeffic flow
ients are
determin ed from steady state experim ents or calcula tions.
emphasi s in this paper is laid on a study of the influenc The
e of this
approac h on the overall accurac y.
Experim ents and calcula tions for a start-up / pull-dow
n phase of
an upright freezer with evapora tor shelves are given.
A sensitiv ity
analysi s is carried out in order to investig ate the
accurac y of the
dynamic model itself and the importa nce of the accurac
y of the
steady state coeffic ients used.
Keyword s:
Dynamic Model, Small Refrige ration Systems , Mean Void
Fraction , start-up Phase.

RECHERCHE EXPERIMENT ALE E'l' THEO\UQUE 0' UN MODELE DYNAMIQU
E D' UN
PETIT SYSTEME FRIGORIF IQUE
RESUME
AU cours des derni~res ann~es on a pr~sent6 de nombreu
x
modeles de simulati on en r~gime transito ire d'un cycle
frigorif ique,
la plupart destin~s a optimis er le rendeme nt et concern
lication s de pompes a chaleur . Ces modeles consJ.st ent ant des apa diviser en
trois zones les echange urs de chaleur et/ou recherc her
thermody namique dans les partles on r~gime biphasiq ue. l'equili bre
Un modele dynamiq ue diff~rent a ~t~ conc;:u pour simuler
un petit
frigorif ique, tel un equipem ent m~nager. On utilise
un modele
a noeuds multipl es pour d~crire les ~changeu
rs de chaleur . Cette
caracte ristique des noeuds multipl es est necessa ire
a un calcul precis
des zones surchauff~es et sous-re froidies . Dans le mod~le
on utilise
syst~me
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la reparti tion
une etude de la fractio n moyenne de vide pour decrire Cette repardu liquide et de la vapeur dans les zones biphasi ques. pour une charge
tition a une influen ce sur le calcul des consequ ences
fixee de frigori gene.
des calculs en
Plusieu rs hypoth eses ont ete formule es pour la base
us de transf ert
utilisa nt des coeffic ients tenant compte des process ; ces coeffic ients
de chaleu r et d'ecoul ement a "l'exte rieur" du cycleen regime perman ent.
sent determ ines a partir d'expe riences ou calculs
de ce mode
Cette commun ication insiste sur l'etude de !'influ ence
d'etude sur la precisi on genera le.
phase de demarOn presen te les experie nces et les calculs de la etagere
s evapor arage/m ise en regime d'une armoir e-cong elateur avec pour apprec ier la
ee
effectu
est
ilite
sensib
la
de
trices. Une analyse
de la preprecisi on du modele dynamiq ue lui-m~me et l'impor tance
s.
cision des coeffic ients de regime perman ent utilise
fiques , fractio n
Mots-c les : modele dynami que, petits systeme s frigori
ge.
demarra
de
phase
e,
de vide moyenn
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1. INTRODUCTI ON
A mathematical analysis of refrigeration systems is often made by the use of steady-state models.
For the inve~tigalion of a number of phenomena in small refrigeration systems this kind of modelling proved to be appropriate /1 ,2,3/. The literature mentioned concentrates on the effect of a
fixed amount of refrigerant in capillary tube equipped ;ystems. Void fraction models (VFM) proved
lo be an important part in order to obtain valid conclusions.
In normal refrige,ation systems which are on/off comrolled. steady state condition~ are rarely obtained_ Investigation of the influence of the dimensioning of components and of the control strategy
require the application of models taking into account the transient behaviour.
Th~ aim of thi> paper i; to present a model which can be applied for the design and optimization
of small refrigeration systems as e.g. used in domestic equipment. ln practice it is important to
study this kind of system; during several hours; therefore a fast model ha> to be used in the development of small refrigeration systems. The model also hao. to be flexible, since in development
a large number of component modifications has to be studied.

In !he transient situations, occurring during start-ups and onjoff operation. the heal exchangers
play a dominating role; then· behaviour also depends on the total amount of refrigerant charge in
the system. As far as the refrigerant !low and heal transfer is concerned~ these components should
therefore be modelled in a detailed way. Other components and effects may be implemented using
steady state characteristics. E.g. this holds for lhe heat Wmsfer on the air side of the evaporator
or !he condenser. The conscquenc:es of rhis kind of implementation arc rhe main subject of this
contribution.
It is useful to present a comparison or lhe models published up lo now. Most of them are only
smtablc for use by the spccialtsts who designed and tested them_ It is therefore impossible to compare phenomena occurring in the practical use of these modc!s. Only possiblities and shortcomings
in modelling itself can be analy:;:ed. Comparisons and recommendatio ns for what a model should
comprise if ir has to be used for small systems are given m section 2. The next section describes the
pnnc1pl~s of a new model proposed_ ln section 4 expenmenls on u small appliance and the semirwrly of a number of approximations in the simulation model are presented. Conclusions can be
found m scclwn 5.
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2. COMPARISON OF MODELS
ns in the area' of
A review of the literature shows that there is an increasing number of publicatio
installations.
pump
heat
of
start-ups
to
refer
studies
the
of
Many
.
modelling
on
dynamic refrigerari
that the
concludes
and
far
so
published
models
the
on
review
short
a
gives
Most of the literature
given
e.g.
was
models
recent
five
of
n
compariso
A
preferred.
be
should
model
development of new
that a new model would
by Rajendran and Pate at Purdue, 1986 /41. They, in their mrn, also stated
be useful which should form a balance between comprehensiveness and simplicity.
view should be quoted.
From two reviewing articles on dynamic modelling some different poims of
Upmeier 15/ conclude
In an article on optimum conditions for dynamic functioning, Kruse and
of computer simulation
thai, in spite of all the work, "there is a lack of applying the performance
cycling opaation ."
for a better understanding of the parameters affecting the energy losses during
small refrigerating
of
on
optimizati
the
for
ns
applicatio
of
fields
main
the
of
one
exactly
This is
an analysis
present
which
71
/6,
memos
technical
two
published
James
and
James
systems. In 1986
reextended
more
a
For
systems.
on
refrigerati
for
models
ical
mathemat
and a survey of dynamic
that, since 1973, the
view the latter survey /71 should be referred to where the authors conclude
few improvements bemathematical models derived "have been variations on a theme with only a
ing made."
in the literature is conWithin the framework of this study a comparison of various topics found
well.
as
necessary
be
to
sidered
tanks, to be seen
Most of the models consider the different parts in the heat exchangers as stirred
This holds for
equations.
the
of
solution
the
for
methods
Euler
apply
and
as so called single nodes,
as e.g. published
Dhar and Soedel's model published in 1979 181, and also for more recent models
large transients, so the
by James and James /91. These models often concentrate on start-ups with
by Chi and Didion
calculational time steps have to be small, of the order of 0.005 s -as mentioned
shut-downs of a system
jlOI- to 0.025 s /91. Murphy and Goldschmidt consider both start-ups and
behaviour during
Ill, 12/. They are mainly interested in the condenser and evaporato r pressuretube characteristics
the first seconds; compared to the influence of the heat exchangers, capillary
time steps of the order
are more important here. Simulation of long operation times would require
of seconds. For this kind of time steps Euler methods are unstable.
which, in turn, are
Time steps in the order of seconds require the use of implicit solution schemes,
solution method has
characterized by a considerable amount of compute~; CPU time per step. This
model. As an extra
been published recently by Sami /131, who uses a lumped parameter , single node
for the calculation of
detail the author mentions the use of a new scheme, developed by his own,
the void fraction for two-phase flow inside pipes.
; Chi and Didion
The use of the momentum equation w calculate pressur.: loss is seldom considered
step 1101. Brasz and
did take this effect into account and therefore had to choose a very short time
necessary, the pressure
Koenig /14/ recommend neglecting the acceleration terms and calculating, if
fluid flow in the heat
loss afterwards. They concentrate their studies on heat transfer and of 0.1 s.
exchangers. in which they use an implicit solution method with a step size
ors I 15, 16/ use a
In a study of the flow in condensers and evaporato rs Wedekind and collaborat the application
investigate
they
model
this
Using
part.
two-phase
the
for
model
boundary
moving
of a mean void fraction. determined via an integratio n of a separate VFM.
emphasis /12, l 7. 18;'.
Since 1984 the use of multiple node models has got more and more
s. He mentions
MacArthu r 117 I uses thts grid spacing and studies local effects in the heat exchanger
slip relationship in an
the use of equilibrium conditions in the heat exchanger but doe~ not give a
that the lack of
explicit manner. In a subsequent contributi on in 1987, MacArthu r 119/ concludes
on- results in inaccua VFM or slip model -which was 11ot used in the aforementioned investigati
ted. new model and
rate refrigerant mass distributions. At the same time he presents a sophistica
this when applying
mentions time steps ofthe order of 10 s obtained with a fully implicit method;
requires further study
the method to the heat exchangers in a separate way. Yet the use of his VFM
difficulties; this will be
and the use of fixed boundaries -equal to the grid spacing- probably yields
model being
exchanger
heal
boundary
moving
rder
reduced-o
called
so
a
states
he
that
the re<lson
19/.
I
therefor~ under development

in u 11Um~er of the nforcmen"
C:xtensi~e models for expansion valves <llld compre>sors are used
tor these component>
tioned dynamic models. It has nN been inve>tigated whether 5lmplc modeb

y ol the
yield equally good results. However, it c<lll be assumed that the tun~ dependenc

would
hcd1 ll".lll'lcr pnl<:~'-'"' Ill lhc,c·
'-'<""!ll'f~~'ion and expamton proce>> is I]()\ important and lhtll nnlv
~..:uP1p~)!1Cill~. ~.hou!d

he tltb.•.'n

JilL,

t:D!l"'ldi..'r, lli·'ll.
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3. DESCRIP TION OF THE MODEL
For the model described in the present paper the reCrigerating system is
subdivided into six components. Each of these componen ts will be discussed separately below.
3.1 Heat exchangers
In the present model most attention is paid to the heat exchangers, both evaporato
In general the conservat ion equations for mass, momentum and energy describe r and condenser.
the transient re·
spouse of the fluid inside the heat exchangers. Assuming one dimensional
now, no pressure loss,
neither gravity effects nor axial conductio n (high Peclet number) and neglecting
the kinetic energy
of the fluid and viscous dissipation, one can derive the following conservati
on equation for mass
and energy for a heat exchanger element with length Az :

aM
""_ am
.c."
ar
Jz -.
iJMh _ V !!E._=
iJf
d/

(I)

_

i!rnh /1;:
iJz

+ kA
I

(T _ T)
I

W

(2)

This somewhat unusual representa tion of the conservat ion equations (in M
and h) is convenient for
coupling with other type of equations which will be described later.
For calculatin g the tran~ient re>ponsc in the heat exchangers the momentum
transient tenns must also be solved. Simultaneously a solution for the pressure equation with its
waves is obtained;
these pressure waves are staled to be of minor imporranc e for the large transients
determined by heat transfer processes /7, 14/. Moreover , solving the momentum , which are mainly
equation will lead
to a large computer CPU time increase because of the small time scale effects
of the acoustic waves.
Due lo the fact that the non-uans iem terms in the momentum equation,
i.e. the pressure loss, are
neglected in this investigation, the complete momentum equation is omitted.
To complete the system of equations it is necessary to add the following relationships:
M = p V , p = <D 1 (p, h) , T = <1> 2 (p, h)
(3,4,5)
Here functions <D, and <D, are representa tions of the same refrigerant equation
of state. Equations
(I) to (5) form a set of non linear partial differential equations (PDE) which
are solved iteratively.
The response of the beat exchanger wall can be calculated using the energy
equation:

aT.,

.

CwBt = k0 A 0 (T""- 1w)- k;A, (Tw- T)

(6)

The above set of equations gives a good de~cription of the single pha'e parts
However, in the two-phase region the thermody namic properties of the fluid in the heat exchangers.
can only be correlated
if certain assumptio ns on 1he !low field are made. The average density and
enthalpy of the fluid
can be calculated if a relation is given between the void fraction ct and the quality
x (ratio of vapour
IO total massflow). For homogene ous l1ow this relation
can be derived from conservation principles. However, in practice a non-homo geneous l1ow in the heat exchanger
s is observed and a VFM
has to be used.
Equal sets of equations can now be used for all three parts in the heat exchanger
s: the subcooled
liquid, the two-phase and the superheat ed part. The heat exchangers arc
divided
of elements and a distributed (multiple node) model is thus created. It is emphasise into a number
d by the authors
that a distribute d model is necessary for a correct simulation of small refrigerati
on systems. These
systems are usually not provided with liquid accumula tors and are charged
with a certain fixed
amount of refrigerant. Due to these facts and the use of a capillary tube,
the heal exchangers are
not always properly filled with evaporatin g or condensing refrigerant. Considera
ble parts of the
heat exchangers contain subcoolcd or superheat ed refrigerant. The temperatu
re of these parts is a
function of the position in the heat exchanger. One way to account for these
temperatu re profiles
is the use of a distributed model. The subcooled and superheat ed parts have
a severe influence on
the transient behaviour of the heat exchanger as a whole.
The model de;cribcd above leads to problems if the solution procedure selected
by the authors for
solving t~e complete system is applied. It is nece;sary to use especially this
solution procedure as
will be discussed below. The problems arise when the transition point between
a single phase and
the two-phase arc~ passes from one element to another. At that stage it is
necessary to switch from
one thermody namic property relation valid for lhe single phase to another
relation valid for the two
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Fig. 1. Schematic lay out of the condenser heat exchange
with the two-phase boundary length coordinates

solution method uses an iterative apphase region. This yields convergence problem s since the
se parl which takes into account the ·
proach. Therefo re another descript ion is used for the two-pha
In Fig, 1 the "numerical" lay-out of
16/.
/15.
area
se
two-pha
the
of
ies
boundar
the
moveme nt of
way.
ic
schemat
a
in
given
is
er
the heat exchang
s for mass and energy can be derived
For the two-pha se part the following conserv ation equation
liquid:
the
and
vapour
the
between
ium
assuming thermal equilibr

:t {(p,

(I -IX)+ Pv IX) Ac('12- 'It)} "' fflnt - rn,72

- {Pt (1- o:)

I

~'

dl'f2

d'lt

(7)

+ Pv o:}~t Ac---;[1 +{Pi (1- ri) + Pv ri}, zAc---;{t
1

k,P (Tw- 1) dz + {ri1[h1 (1 - x) + h, x]},1t

-

{m[h, (1- x) +

hv x]},12

=~ry,

(8)

by means of equation (6). In general
The response of the heat exchanger wall is again calculat ed
form:
fraction
void
local
in
supplied
are
models
the void fraction
(9)
C(:o:(x , T,m, ... )
ies of the two-pha se areas coincide with
This local void fraction model is needed in case the b0undar
case of 11ot complete condens ation or
the
in
i.e,
er,
exchang
heat
the
of
ies
the physical boundar
is required which is defined as:
fra.::tion
void
mean
a
cases
all
in
eless.
evapora tion. Neverth
'X

1

•
-= .\'112- -~.tl

-I-''',.,,,
,-~

a

(10)

(x , ... ') d.-.:

integral over the length of the heat
This integral over the quality range is transfon ned to an of the flow and position . In this way
quality
between
hip
relations
linear
a
exchanger by assuming
which equation is used to derive the
equation (10) is transfor med to an integral over the length
fonn.
tion
con~erva
general
lhe
equation s (7) and (8) from
ation. Its selection is based on separate
The VFM publishe d by Premoli /20/ is used in thi> investig
It must be emphasized that especially
investigations /1.2/ on steady state function ing of appliances.
tion is importa nt since a capillary
distribu
charge
the
of
on
in small refrigera tion systems the predicti
tube i> applied and no acclunu lat0rs are used.
equation s (7) and (8), form a complet e
The two ordinary differential equation s (ODE's), given a>
relations for the saturate d conditio ns
ynamic
thermod
and
set 0f equation s, together wtth the VFM
entire two-phase area.
of the flttid: this set of equation s is solved iteratively for the
the PDE's l'or the single phases. Very
The ODE's for the two-pha se part must be coupled with
single phase elements bounded by the
special attentio n ha8 w be pmd to the description of the
clements. but a term for the moving
these
for
ltscd
bec~n
{5)
to
(I)
ns
Equatw
region.
::.e
tW<J-pha
.
boundur v hus to be included
has now been derived. The necessary
The ~oniplele set of ~quations J'or the heat exchangers
at tnkt and outlet and the mld
mnsst1ow
l1u1d
the
are
er
<:ondens
bound<a·v conditio ns l'or lhc
o.urplid <tre the inkt quality ,md
be
to
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·y
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ompn·,~or ,md •:r•I'IIJl'L'~'ot ··twil
1'h~o. r..:nin[)!VC,'--.01 UlliiC.'l qu~~nlltlc''~ 1..\~n Jn ~cu~·:~ll \l~
d•::tiJl('J '>\ltL·

nr =

f: V\, J',.J.

(I

U::!J

The algebrdic form of the equation s expresses that these qucm~itie
s are defin~d in quasi-ota tionary
fprm. The equ<~t.ion:; them~ehes form approximation> to expenme
ntally obtamed daw.
In the simulatio n the compressor shell is included. The intcr.1ction
between the refrigerant <~nd the
oil in the shell i> uccountcd for by means of equilibrium- slate
relation~ defining the refrigenw t
dissolution in oil:
( 13)

By calculating the he<tt transfer proccsse~ within the ~hell ;md from
the shell tO the ambient. the
oil temperat ure is c<tlculatcd. The response of the fluid inside
the shell is calculated u'ing the
equation s (l) 10 (5) with extru terms for the refrigerant fluid n"w
into or out of lhe oil and cxtr,,
lem1S for the heat transfer processes.
3.3 Capillary

The massflow through the capillary tube can generally be expressed
by:
(14)

where the enthalpy denotes the condenser outlet ,-nthalpy. The inclusion
of advanced mathematiGal
models in the dynamic simulation in order to obtain the massllow
will increase the calculati on time
considerably. Therefore large numbers of calculations were performe
d with a separate model /21/
the results of which were approxim ated by polynom ial functions.
These functions could be derived
due to the limited number of influencing parameters.
3.4 Cabinet

The appliance itself is modelled by dividmg the walls into several
elements. The element> in their
turn are divided into a number of layers which form the basis for
the discretisation of the Fourier
heat conducti on equation . The heat flow i~ considered to be one
dimensional, i.e. only perpendicular to the walls of the appliance. At the wall surfaces appropri ate
heat exchange coefficients are
introduce d. The internal heat capacity of the applianc e is modelled
in the form of one node. The
response of this node is calculated according to:
(15)

were

Qe~•ap,

is the heat absorbed by wall element i of the evaporat or.

3.5 Solution method
The PDE's and the ODE's for the heal exchangers are coupled lo
the equation s for the compressor.
capillary and the compressor shell. In this way the necesoary boundary
condition~ for the heat
exchangers are obtained . All equation s are discretizcd in a fully implicit
form following an upwind
scheme in order to ensure a stable calculation.
Rather large time steps, of the order of 1 to 2 seconds, can be
used but they depend greatly of
course on the number of elements chosen for the heal exchangers
and on the absolute values of the
capacities in the system. The fully implicit form is <tlso used for
the compressor and capillary relations which imp lie> that these relations are supplied in terms of the
variables al the new time level.

The disadvan tage of the implicit scheme is that at every time step
an
convergence can only be guaranteed for a limited time step size and iteration is necessary. The
depends also on the form of
the non-linearities incorpor ated (equations of state, VFM, etc.).
The iteration in the heat
exchangers is performed by searching for the correct pressure for which
the outlet massflow is equal
to the massflow through the next compone nt. For instance, for the
condenser pressure, iterations
are performe d via a Newton process until the outlet massflow equals
the capillary massl1ow within
a specified tolerance. Due to this tolerance a mass inconsistency
in the system origmales and at
every lime step a very small inaccuracy in the total mass balance
in the system is created. In case
of large simulations, however, the error m<lY increase to unaccept
able
mass in lhe system is continuously adjusted by adding a very small lcveis. Therefore the total
mass as a correcrion of the
mass balance in the compressor shell.
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3.6 Use of the model
s per
possib le to simula te 10 on/off period s (2 period
With t.he solutio n method_ discussed it pro~ed on an IBM3081 mainfr ame.
hour) m approx unatel y 1) mmute s CPU t1mc
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t
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model resear ch is to
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this aim has been achieved is demon strated by

4. COM P ARJSON WITH MEASUREMENTS
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shelve
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the equilib rium "on", steady state situati on is
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between the
''pull-down" measu remen t. The differences
charge. In the second measu remen t ("B", Fig.
rant
refrige
the
and
ty
capaci
ry
capilla
and
compr essor
r materi al) is put inside the appliance.
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The effect of imroducing variatinns (order of magnitu
de, Lime dependency) to the above relations
has been slLtdied for one of the tests ("A'', Fig. 2). Compa
rison is made between a number of datu
which are considered representative:
o the evapor ation temperature at 30 min;
o the evapor ator wall temper ature at 30 min;
o the cell "one-node" temperature at 90 min;
o the time at which the condenser temperature "peaks"
;
o rhe maximu m condenser wall temper ature (see point
3);
o the condenser subcooling degree at 30 min_
The evapor ator or condenser wall temperature is defined
as that wall temperature of the heat
exchanger where evapora tion or condensation takes place
at the inside.
The steady state relations are varied following

rp

=

¢,.1 ( I

+f

exp ( -t f r))

(16)

where rj>., represents one of the eleven parameters given
above_ Values for " used range from zero
to two hours, so that the steady state value rf>u is always
used when simulating equilibrium "on"
conditions.
The sensitivity analysis is performed by a separate variatio
n of each of the parameters. The aim
of the investigation is to study which variation yields a
better agreement between measurement and
calculation, i.e. a lowering of both the condenser and
evapor ator temperatures and a time shift in
the condenser temperature peak (see Figs. 2 and 3). It
should be underlined that there is a strong
link between both temperatures; i.e. a lower evapora
tion temperature directly influences the
condensation pressure or temperature, which is mainly
characteristics. Each effect of a parame ter variation is caused by the capillary and compressor
described separately below and is shown in
Table I.
I. Compressor Mass Flow. Only an unrealistic increase
of
crease in the evapor ator temper ature, however, at the samethe volumetric capacity yields a detime to an increase in the condenser
temperature.
2. Compressor Outlet Temperature. In practice a lower
outlet temperature will appear compar ed
to the steady state values, since it depends on warmin
g-up of the thermal capacities present
within the compressor shell. A substantial decrease of
the outlet temperature results in a small
decrease of the condenser and an equal value for Lhe evapor
ator temperature.
3. Condenser Inside Heat Exchange. This effect has
not been investigated since the outside -natural convection- heat exchange, with its much lower order
of magnitude, is predom inant.
4. Condenser Outside Heat Exchange. Only by an unrealis
tic increase of the convection coefficient
the temper ature peak can be somewhat decreased and
delayed.
5. Condenser VFM. Large influences on temperatures
are observed when the mean void fraction,
derived from the VPM, is substantially decreased. This
parame ter proves to be of paramo unt
influence and investigations are more extensively describ
ed below.
6. Capillary Mass Flow. Due Lo the coupling of conden
capillary characteristics, contrar y effects are obtaine d, ser and evapor ator temper ature via the
e.g. a decrease of the evapor ator and an
increase of the condenser temperature.
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Table I. Effect of parameter variations on different characte
ristic data obtained in the simulati~n of
two pull-down tcots (compare Fig;. 2 and 3).
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of 1000 Wjm
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Fig. 6 Time dependent position of the liquid
front in the evaporator for both pulJ,down
tests given in Figs. 2 and 3 ("A" and "B").
Results are presented, which are obtained
from both the "Blandard" and the modified
simulation -time dependent VFM-; the
measurement results arc also given.

Fig. 7 Comparison of a pull-down measurement ("A") and the results of a simulation
applying a time dependent VFM and increased evaporator internal heat exchange.

concluded for the Premoli VFM applied in steady state measure
characteristics will be influencing the refrigerating cycle. This ments /2, 3/. Yet time dependent
can indeed be explained by the fact
that a large part of the more or less subcooled liquid is still
in the non-equilibrium phase and
should be accounted to the two phase part, thus decreasing the
Confirmation of the above assumption for the decrease of the mean void fraction assumed.
mean void fraction in the condenser
VFM only -and not in the evaporator- can be found in the
evaporating liquid front position in
the evaporator. The application of the Premoli VFM model
evapora tor yields good agreement with the measurement, which -without modification- in the
can be concluded from the curves
represented in Fig. 6.
Additionally, better agreement between the evapora tor wall
can be obtained by a substantial increase of the evapora tortemperatures measured and calculated
internal heat exchange. For a choice
of a multiplication factor of four (heat exchange coefficient in
the order of I 000 W/m 2K) and a time
constan t of two hours the best agreement is obtained, which
is shown in Fig. 7. When comparing
the "standard" results (given in Figs. 2 and 3) it can be conclud
a modified VFM and an increased evapora tor heat exchang ed that calculations, applying both
e, correlate very well to the measurements in this way.
5. CONCL USION S
A multiple node fully implicit model for the description of a
small refrigeration cycle is a must in
case time dependent behaviour has to be described sufficiently
accurately. This kind of model will
also lead to reasonable calculation times.
Implementation of a void fraction model (VFM) is absolute
ly necessary. For steady state conditions the Premoli VFM yields good results. However, time depende
nce has to be added to the VFM
in order to describe the transient condenser behaviour in an
acceptable way. An increase of the
mean liquid contents of the condenser by a factor of three in
the
quired. During the start-up phase a great increase of the evapora start-up phase proves to be retion heat transfer coefficient yields
much better simulation results. Further investigation should
be performed whether the increase
of both the mean liquid fraction and the heat transfer coefficie
nt should also be applied in the
normal on/off functioning.
On .the o~her hand, most steady state coef(jcients applied for
a
refngeratmg systems, prove to be accurate enough lor a good lot o~ p~enomena occurring in small
descnptton of all transients.
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